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(54) FERROELECTRIC STORAGE DEVICE AND ITS MANUFACTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To realize a large-capacity ferroelectric storage device 
whereinto many memory cells can be integrated each of which comprises only one 
ferroelectric capacitor. 

SOLUTION: Respective main bit lines MBLN, MBLN+1 laid in the form of columns are 
connected selectively with arbitrary auxiliary bit lines SBLN, SBLN+1 from among a 
plurality of auxiliary bit lines via selection transistors STN, STN+1 . In the grid positions 
wherein a plurality of word lines WL1-WLM laid in the form of rows intersect the 
foregoing auxiliary bit lines, memory cells Cm,N, Cm f N+1 comprising ferroelectric 
capacitors are disposed one by one. Further, one electrode of each foregoing 
ferroelectric capacitor is connected with each foregoing auxiliary bit line, and the 
other electrode of each foregoing ferroelectric capacitor is connected with each 
foregoing word line; ■*• : —•-•——-*•-- • — ■•' 
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CLAIMS 
[Claim(s)] 

[Claim 1] Each main bit line wired by seriate is connected to two or more subbit lines through a 
connecting means. The memory cell which becomes the grid location where the above-mentioned subbit . 
line and two or more word lines wired by behavior cross from one ferroelectric capacitor, respectively is 
arranged. Ferroelectric storage which one electrode of each ferroelectric capacitor is connected to the 
above-mentioned subbit line, and one of other electrodes are connected to the above-mentioned word 
line, and memorizes one of the data of the 1st data of opposition, or the 2nd data mutually according to 
the direction of polarization of the above-mentioned ferroelectric capacitor. 

[Claim 2] The above-mentioned connecting means is ferroelectric storage according to claim 1 with 
which it is an MOS mold semiconductor device, and other one side is connected to the above- 
mentioned subbit line, a gate electrode is connected to a selector-gate line, respectively, and either the 
source electrode of the MOS mold semiconductor device concerned or a drain electrode connects the 
above-mentioned main bit line and a subbit line to the above-mentioned main bit line in actuation 
according to the applied voltage of the selector-gate line concerned. 

[Claim 3] The writing of the 1st data to a memory cell An electrical potential difference is impressed in 
the direction in which the subbit line potential chosen from the word line potential to choose becomes 
high. Carry out by making polarization of the ferroelectric capacitor carry out in the above-mentioned 
impression electricHleld direction, and the writing of the 2nd data to a memory cell Ferroelectric 
storage according to claim 1 performed by impressing an electrical potential difference in the direction . 
in which the subbit line potential chosen from the word line potential to choose becomes low, and 
making polarization of the ferroelectric capacitor carry out in the above-mentioned impression electric- 
field direction. 

[Claim 4] Read-out of data to a memory cell is ferroelectric storage according to claim 1 which judges 
data by connecting with the subbit line which chooses the main bit line, changing the word line electrical 
potential difference to choose, changing the polarization condition, of a ferroelectric capacitor, and 
detecting change of the main bit line potential according to change of the polarization condition of the 
ferroelectric capacitor concerned. 

[Claim 5] Ferroelectric storage according to claim 1 with which the re-writing of data to the memory cell 
concerned is performed after read-out of the data to the above-mentioned memory cell. 
[Claim 6] Ferroelectric storage according to claim 1 which has the sense amplifier of latching which 
reads corresponding to each main bit line, and latches data or write-in data, and- is performed. by putting 
in block the writing or read-out, and the re-writing of data to a memory cell to all the memory cells 
connected to the word line to choose. 

[Claim 7] Ferroelectric storage according to claim 1 which writes in the above-mentioned opposition 
data to the memory cell in which the write-in data concerned and the data of opposition should be 
written after bundling up to all the memory cells connected to the selected word line and writing in the 
1st data or 2nd data. 

[Claim 8] The writing of the above-mentioned data is ferroelectric storage according to claim 1 which 
makes a unit all the word lines that intersect the subbit line chosen by the selector-gate line, and 
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performs them in order for every, word line. 

[Claim 9] Read-out and the re-writing of the above-mentioned data are ferroelectric storage according 
to claim 1 which makes a unit all the word lines that intersect the subbit line chosen by the selector- 
gate line, and performs them in order for every word line. 

[Claim 10] Each main bit line wired by seriate is connected to two or more subb.t lines through a 
connecting means. The memory cell which changes from one ferroelectric capacitor to the gr.d locafon 
where the above-mentioned subbit line and two or more word lines wired by behavior cross, respect.vely 
is arranged. It is the manufacture approach of ferroelectric storage that one electrode of each 
ferroelectric capacitor was connected to the above-mentioned subbit line, and one of other electrodes 
were connected to the above-mentioned word line. The process which forms the lower layer capactor 
electrode of each memory cell with the above-mentioned subbit line, The process wh.ch forms the 
ferroelectric capacitor insulator layer of each memory cell, and the process which forms the upper 
capacitor electrode for every memory cell, The manufacture approach of ferroelectric storage of having 
the process which forms the above-mentioned word line so that the above-mentioned word l.ne may be 
connected to the above-mentioned upper capacitor electrode for every memory cell, and the process 
which forms the above-mentioned main bit line. _ 
[Claim 11] The above-mentioned lower layer capacitor electrode is formed with the platinum of the 1st 
layer or an oxide system ceramic ingredient. The above-mentioned ferroelectric capactor msulator 
layer is formed with the oxide ferroelectric ingredient which makes the oxide ferroelectric. ngredient or 
Bi system stratified perovskite structure which makes a perovskite structure. The above-ment.oned 
upper capacitor electrode is formed with the platinum of the 2nd layer, or an oxide system ceram.c 
ingredient It is the manufacture approach of ferroelectric storage according to claim 10 that the above 
mentioned word line is formed of the aluminum, its alloy. or bipolar membrane of the 1st layer, and the 
above-mentioned main bit line is formed of the aluminum, its alloy, or bipolar membrane of the 2nd layer. 

[Translation done.] 



* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the ongmal 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] ..... - - --- — - • ■ ; r 

[Field of the Invention] By constituting a memory cell from one ferroelectric capactor fundamentally, 
this invention relates to the ferroelectric store in which high accumulation and large-capac.ty-.z.ng are 
possible, and relates to the device structure, device actuation operation, and the manufacture approach 
especially. 
[0002] 

[Description of the Prior Art] A ferroelectric capacitor is constituted for the oxide ferroelectric 
ingredients (for example. PbZrTi03 etc.) which make a perovskite structure, or the ox.de ferroelectric 
ingredients (for example. BiSr2 Ta 209 etc.) which make Bi system stratified perovskite structure as a 
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Capacitor insulator layer, and the ferroelectric storage which memorizes data according to the direction 
of polarization of the ferroelectric capacitor concerned is known. 

[0003] Hereafter, it relates and the hysteresis characteristic of a ferroelectric capacitor is explained to 
drawing 12 . In drawing 12 , as for a hysteresis characteristic, (b), and (c), (a) shows mutually the 
condition of a capacitor that the 1st data (following data 1) of opposition and the 2nd data (following 
data 0) were written in, respectively. 

[0004] In the hysteresis characteristic which shows ferroelectric storage to drawing 12 (a) The condition 
(inside A of drawing) that impressed the electrical potential difference by the side of plus to the 
ferroelectric capacitor (inside C of drawing), and the remanence charge of +Qr remained Data 1 (the 1st 
data), The electrical potential difference by the side of minus is impressed (inside D of drawing). - It 
uses as memory of a non-volatile by using as data 0 (the 2nd data) the condition (inside B of drawing) 
that the remanence charge of Qr remained. 

[0005] By the way, the approach (following 1TR-1CAP mold eel) of constituting one memory cell from 
one selection transistor and one ferroelectric capacitor is learned as what uses the ferroelectric 
capacitor mentioned above as a ferroelectric store of a non-volatile. 

[0006] Drawing 13 is the memory array Fig. of the ferroelectric storage which has a 1 TR-1 CAP mold cel. 
[0007] The memory array of drawing 13 is making the so-called clinch bit line structure, and the plate 
electrode line for MA and MA* to drive a word line for plate electrode line, RWLA, and RWLA' to drive a 
bit line as for word line, BLA, and BLA\ and for reference cell, WLA, and WLA' drive a reference cell in 
memory cell, MRA, and MRA, as for PLA among drawing, and for RPLA drive a reference cell and CL 
show the load-carrying capacity of each bit line BLA and BLA', respectively. A memory cell MA is 
constituted by the selection transistor TA and the ferroelectric capacitor CA, and memory cell MA is 
constituted by selection transistor TA and ferroelectric capacitor CA'. A reference cell MRA and MRA' 
are prepared in order to carry out comparison read-out of the data of a memory cell MA and MA, in the 
case of a reference cell MRA, they are constituted by the selection transistor TRA and the ferroelectric 
capacitor CRA, and, in reference cell MRA*, are constituted by selection transistor TRA* and 
ferroelectric capacitor CRA. 

[0008] In the ferroelectric storage which has the 1 TR-1 CAP mold eel of drawing 13 For example, data 
read-out of a memory cell MA It is carried out by the comparison with reference cell MRA' connected to 
comparison bit line BLA' which adjoined in the direction of a clinch of the read-out bit line BLA. Data 
read-out of memory cell MA It is carried out by the comparison with the reference cell MRA connected 
to the comparison bit line BLA which adjoined in the direction of a clinch of read-out bit line BLA'. 
Moreover, in a reference cell MRA and MRA', capacitor area or bias voltage is adjusted and an optimum 
design is carried out so that it may be in an intermediate state in case the remanence charge of +Qr or 
-Qr is read in the hysteresis characteristic of drawing 12 (a), respectively, therefore, in a 1 TR-1 CAP 
mold eel, the potential difference between the read-out bit line by the read-out eel and the comparison 
bit line by the reference cell is alike with a sense amplifier SA. is amplified, and the judgment of data is 
made. 
[0009] 

[Problem(s) to be Solved by the Invention] By the way, it sets to the ferroelectric storage which has the 
1 TR-1 CAP mold eel mentioned above. Although reservation of the DISUTABU prevention at the-time of 
data writing and the margin of operation at the time of data read-out is easy since the memory cell 
consists of one selection transistor and one ferroelectric capacitor When a memory cell compares with 
other nonvolatile storages which consist of one component, for example, a flash memory, EPROM, etc., 
memory cell area becomes large and there is a problem that-izing cannot be carried out [ large 
capacity ]. 

[0010] This invention is made in view of this situation, and the purpose is in offering the ferroelectric 
storage in which high accumulation and large-capacity-izing are possible by constituting a memory cell 
only from one ferroelectric capacitor fundamentally in the ferroelectric storage which performs a data 



storage according to the direction of polarization of a ferroelectric capacitor. 
[0011] • 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the ferroelectric 
storage of this invention Each main bit line wired by seriate is connected to two or more subbit lines 
through a connecting means. The memory cell which changes from one ferroelectric capacitor to the 
grid location where the above-mentioned subbit line and two or more word lines wired by behavior cross, 
respectively is arranged. One electrode of others [ electrode / of each ferroelectric capacitor / one ] is 
connected to the above-mentioned subbit line at the above-mentioned word line, and one of the data of 
the 1st data of opposition or the 2nd data are mutually memorized according to the direction of 
polarization of the above-mentioned dielectric capacitor. 

[0012] Moreover, in the above-mentioned ferroelectric storage, the above-mentioned connecting means 
is an MOS mold semiconductor device, other one side is connected to the above-mentioned subbit line, 
a gate electrode is connected to a selector-gate line, and either the source electrode of the MOS mold 
semiconductor device concerned or a drain electrode connects the above-mentioned main bit line and a 
subbit line to the above-mentioned main bit line in actuation according to the applied voltage of the 
selector-gate line concerned. 

[0013] Moreover, the writing of as opposed to a memory cell in the above-mentioned ferroelectric store 
of the 1st data Electrical-potential-difference impression is carried out in the direction in which the 
subbit line potential chosen from the word line potential to choose becomes high. Carry out by making 
polarization of the ferroelectric capacitor carry out in the above-mentioned impression electric-field 
direction, and the writing of the 2nd data to a memory cell An electrical potential difference is impressed 
in the direction in which the subbit line potential chosen from the word line potential to choose becomes 
low, and it carries out by making polarization of the ferroelectric capacitor carry out in the above- 
mentioned impression electric—field direction. 

[0014] Moreover, it connects with the subbit line which chooses the main bit line, and read-out of 
receiving [ the above-mentioned ferroelectric store ]-memory cell data changes the word line electrical 
potential difference to choose, changes the polarization condition of a ferroelectric capacitor, and judges 
data by detecting change of the main bit line potential according to change of the polarization condition 
of the ferroelectric capacitor concerned. 

[0015] Moreover, the above-mentioned ferroelectric store performs the re-writing of data to the 
memory cell concerned after read-out of the data to the above-mentioned memory cell. 
[0016] Moreover, the writing or read-out, and the re-writing of. data to a memory, cell are performed to 
all memory cell packages connected to the word line to choose by the above-mentioned ferroelectric 
store's having the sense amplifier of latching corresponding to each main bit line, reading it to the sense 
amplifier concerned, and latching data or write-in data. 

[0017] Moreover, the writing of the above-mentioned data consists of an elimination step which writes 
the 1st data or 2nd data in a package to all the memory cells that stand in a row in the selected word 
line, and a write-in step which writes in the above-mentioned opposition data after the above- 
mentioned elimination step to the memory cell in which the above-mentioned elimination data and the 
data of opposition should be written in the above-mentioned ferroelectric store. 

[0018] Moreover, in the above-mentioned ferroelectric store, the writing of the above-mentioned data is 
performed in order for every word line by making into a unit all the word lines that intersect the subbit 
line chosen by the selector- gate line. 

[0019] Moreover, in the above-mentioned ferroelectric store, read-out and the re-writing of the above- 
mentioned data are performed in order for every word line by making into a unit all the word lines that 
intersect the subbit line chosen by the selector-gate line. 

[0020] Moreover, the manufacture approach of the ferroelectric store of this invention has the process 
which forms the lower layer capacitor electrode of each memory cell with the above-mentioned subbit 
line, the process which forms the ferroelectric capacitor insulator layer of each memory cell, the 
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process which forms the upper capacitor electrode for every memory cell, the process which forms the 
above-mentioned word line so that the above-mentioned word line may be connected to the above- 
mentioned upper capacitor electrode for every memory cell, and the process which forms the above- 
mentioned main bit line. 

[0021] Moreover, in the above-mentioned manufacture approach, the above-mentioned lower layer 
capacitor electrode (the above-mentioned subbit line) is formed with the platinum of the 1st layer, or an 
oxide system ceramic ingredient. The above-mentioned ferroelectric capacitor insulator layer is formed 
with the oxide ferroelectric ingredient which makes the oxide ferroelectric ingredient or Bi system 
stratified perovskite structure which makes a perovskite structure. The above-mentioned upper 
capacitor electrode is formed with the platinum of the 2nd layer, or an oxide system ceramic ingredient. 
The above-mentioned word line is formed of the aluminum, its alloy, or bipolar membrane of the 1st 
layer, and the above-mentioned main bit line is formed of the aluminum, its alloy, or bipolar membrane of 
the 2nd layer. 

[0022] According to the ferroelectric storage of this invention, since a memory cell consists of only one 
ferroelectric capacitor fundamentally, memory cell area becomes small, and high integration of it is 
attained, and it is suitable for large-capacity-izing. 

[0023] Furthermore, a bit line (the main bit line) is divided into two or more subbit lines, the memory cell 
number which stands in a row in a bit line (the main bit line) at the time of data writing and data read- 
out since a memory cell is arranged in the grid location where the above-mentioned subbit line and two 
or more word lines wired by behavior cross is divided, and DISUTABU at the time of data writing is 
mitigated, and reservation of the margin at the time of data read-out becomes easy. 
[0024] Moreover, connection control with the above-mentioned main bit line and a subbit line is possible 
by connecting the above-mentioned main bit line and a subbit line in actuation according to the applied 
voltage of a selector-gate line. 

[0025] Moreover, the writing of the 1st data to a memory cell An electrical potential difference is 
impressed in the direction in which the subbit line potential chosen from the word line potential to 
choose becomes high. Carry out by making polarization of the ferroelectric capacitor carry out in the 
above-mentioned impression electric-field direction, and the writing of the 2nd data to a memory cell It 
is possible by impressing an electrical potential difference in the direction in which the subbit line 
potential chosen from the word line potential to choose becomes low, and making polarization of the 
ferroelectric capacitor carry out in the above-mentioned impression electric-field direction. 
[0026] Moreover, read-out of data to a memory cell can judge data by connecting with the subbit line 
which chooses the main bit line, changing the word line electrical potential difference to choose, 
changing the polarization condition of a ferroelectric capacitor, and detecting change of the main bit line 
potential according to change of the polarization condition of the ferroelectric capacitor concerned. 
[0027] Moreover, it becomes recoverable [ data ] even if the contents of data in a memory cell are 
destroyed at the time of read-out of data by performing the re-writing of data to the memory cell 
concerned after read-out of the data to the above-mentioned memory cell. 
[0028] Moreover, since the writing or read-out, and the re-writing of data to a memory cell are 
performed to all memory cell packages connected to the word line to choose by having the sense 

- amplifier of latching corresponding-to each main bit line, reading to the sense amplifier concerned,- and ... 

latching data or write-in data, it becomes [ high-speed writing and high-speed read-out of data ] 
possible and is suitable. 

[0029] Moreover, the elimination step which writes the 1st data or 2nd data in a package to all the 
memory cells that stand in a row in the word line with which the writing of the above-mentioned data 
was chosen, By constituting from a write-in step which writes in the above-mentioned opposition data 
after the above-mentioned elimination step to the memory cell in which the above-mentioned 
elimination data and the data of opposition should be written It is possible to mitigate the DISUTABU 
electrical potential difference impressed to a non-choosing memory cell at the time of data writing. 
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[0030] Moreover, the writing of the above-mentioned data can restrict the count of DISUTABU which 
joins a non-choosing memory cell at the time of data writing by performing them in order for. every word 
line, using as a unit all the word lines that intersect the subbit line chosen by the selector-gate line. 
[0031] Moreover, read-out and the re-writing of the above-mentioned data can restrict the count of 
DISUTABU which joins a non-choosing memory cell at the time of data re-writing by performing them in 
order for every word line, using as a unit all the word lines that intersect the subbit line chosen by the 
selector-gate line. 

[0032] Moreover, according to the manufacture approach of the ferroelectric store of th.s invention, the 
lower layer capacitor electrode of each memory cell is formed by the subbit line, and. subsequently, the 
ferroelectric capacitor insulator layer of each memory cell is formed. And the upper capacitor electrode 
for every memory cell is formed, the above-mentioned word line is formed so that a word line may be 
connected to the upper capacitor electrode for every memory cell, and subsequently the ma.n b.t line is 

formed. ; ' . . 

[0033] The above-mentioned lower layer capacitor electrode (the above-mentioned subbit line) is more 
specifically formed with the platinum of the 1 st layer, or an oxide system ceramic ingredient. The above 
mentioned ferroelectric capacitor insulator layer is formed with the oxide ferroelectric ingredient which 
makes the oxide ferroelectric ingredient or Bi system stratified perovskite structure which makes a 
perovskite structure. The above-mentioned upper capacitor electrode is formed with the platinum of the 
2nd layer, or an oxide system ceramic ingredient. The above-mentioned word line is formed of the 
aluminum, its alloy, or bipolar membrane of the 1st layer, and the above-mentioned main bit line is 
formed of the aluminum, its alloy, or bipolar membrane of the 2nd layer. 

[0034] . . ■ : . 

[Embodiment of the Invention] DrawingJ. is drawing showing the memory array in the ferroelectric 

storage concerning this invention. ..■>■ ■■■ _ • 

[0035] the memory array Fig. of drawing 1 - setting - two main bit line MBLN in draw.ng, and MBLN+1 
receiving — respectively — one subbit line SBLN and SBLN+1 **** — although not illustrated - since 
this is expedient — it is — actual — each — the main bit line pair is carried out and two or more subbit 
lines are connected. Moreover, although the word line number which intersects a subbit line has become 
M among drawing, 4, 8, or about 16 are specifically suitable for it . 

[0036] Setting to the memory array Fig. of drawing 1 , WL1 ,:WLm, and WLM are a word line. MBLN, and 
MBLN+1. The main bit line, SBLN, and SBLN+1 A subbit line, STN. and.STN+1 The selection transistor 
which connects the main bit line anda subbit line in actuation according to actuation is. shown.: ...... 

respectively, and it is the selection transistor STN and STN+1. It is controlled by the selector-gate l.ne 
SL Each word lines WL1. WLm, and WLM. each ** bit line SBLN. and SBLN+1 One ferroelectric 
capacitors C1 and N which make a memory cell at a crossing, respectively, Cm, N, CM, N, CI, N+1, Cm, 
N+1, CM, and N+1 The electrode of another side is connected to the word line corresponding to the 
subbit line with which the electrode which is one side, respectively corresponds, / 

[0037] Moreover, Transistor PCTN and PCTN+1 By precharge signal phiPC, it is main bit line MBLN and 
MBLN+1. It is a transistor for precharging on the precharge electrical potential difference VPC, and is 
Transistor CTN and CTN+1. By column selection-signal phiC. it is main bit line MBLN and MBLN+1. It is 
a transistor for connecting with each -sense amplifier. A sense amplifier- SAN and -SAN+.t It-is . main bit 
line MBLN and MBLN+1. respectively. It is the connected sense amplifier, and activates by sense enable 
signal phiSE a sense amplifier SAN senses the potential difference between the node potential VN and 
the comparison potential VRN, and it is sense amplifier SAN+1. Node potential VN+1 And comparison 
potential VRN+1 The potential difference of a between is sensed. 

[0038] Drawing 2 is a pattern layout Fig. in the memory array Fig. of drawing 1 . Moreover, drawing 3 is 
the device structure section Fig. at which it looked from A-A* in the pattern layout Fig. of drawing 2 . 
[0039] Setting to the pattern layout Fig. of drawing 2 , and the drawing 3 device structure section Fig., 
for LOCOS isolation and 3. gate oxide and 4 are [ 1 / a silicon substrate and 2 ] the selection transistor 
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STN and STN+1. They are the source / drain n+ diffusion layer field. 5 is the selector-gate line SL and 
is usual polish recon or a usual polycide gate electrode. 6 — subbit line-SBLN and SBLN+1 it is — 
moreover, it is also a ferroelectric capacitor lower electrode, and is specifically formed in a layer [ 1st ] 
platinum layer, the ferroelectric ingredient 3 which 7 is a ferroelectric capacitor insulator layer and 
specifically has a hysteresis characteristic, for example, PbZrTiO, and BiSr2 Ta 209 etc. — it is formed. 
8 is each ferroelectric capacitors C1, N, Cm, and N, CM, N, C1, N+1, Cm, N+1, CM, and N+1. It is an up 
electrode and is specifically formed in a layer [ 2nd ] platinum layer. 9 is an interlayer insulation film . 
under the 1st layer aluminum wiring, and is usual CVD silicon oxide. 

[0040] 10a, 10b, 10c, and 10d are the contact holes under the 1st layer aluminum wiring, and contact 
holes 10a and 10d are, respectively for contact hole 10b to connect the 1st layer aluminum wiring and a 
layer [ 1st ] platinum layer, and for contact hole 10c connect the 1st layer aluminum wiring and a layer 
[ 2nd ] platinum layer for the 1st layer aluminum wiring and N+ diffusion layer field. 11a, 11b, and 11c are 
the 1st layer aluminum wiring, and 1st layer aluminum wiring 11a constitutes a pad aluminum layer for 
1st layer aluminum wiring 1 1b to connect a word line WL1, WLm, and WLM, and for 1st layer aluminum 
wiring 11c connect n+ diffusion layer field with the 2nd layer aluminum wiring for bridge wiring of a subbit 
line. 12 is an interlayer insulation film under the 2nd layer aluminum wiring, and is usual CVD silicon 
oxide. 13 is a contact hole under the 2nd layer aluminum wiring, and connects the 2nd layer aluminum 
wiring and the 1st layer aluminum wiring. 14 is the 2nd layer aluminum wiring and constitutes main bit 
line MBLN and MBLN+1. 

[0041] Next, in the memory array Fig. of drawing 1 . the 1st operation gestalt in the case of performing 
the data writing to a memory cell is explained in order, referring to the timing-chart Fig. of drawing 4 , 
and the hysteresis characteristic of drawing 6 . 

[0042] The timing-chart Fig. of drawing 4 is a word line WLm and subbit line SBLN, and SBLN+1. It 
chooses and they are the ferroelectric capacitors (memory cell) Cm and N. It is the 1st data (following 1 
data) Cm and N+1 It is a timing chart in the case of writing in the 2nd data (following 0 data). In this 
case, the writing of one data to a memory cell impresses an electrical potential difference in the 
direction in which the subbit line potential chosen from the word line potential to choose becomes high, 
and is performed by making polarization of the ferroelectric capacitor carry out in the above-mentioned 
impression electric-field direction. Moreover, the writing of zero data to a memory cell impresses an 
electrical potential difference in the direction in which the subbit line potential chosen from the word 
line potential to choose becomes lo.wi and is performed by making polarization of the ferroelectric - 
capacitor carry out in the above-mentioned impression electric-field direction. , 
[0043] First, they are memory cells Cm and N at time of day tl. To supply voltage VCC (3.3V), it is 
connected main bit line MBLN A memory cell Cm and N+1 Main bit line MBLNs+1 connected It is set as 
a touch-down electrical potential difference (0V). 

[0044] Next, it is the selector gate line SL to 0V to 5V at time of day t2 Memory cells Cm and N, Cm, 
and N+1 Word line WL1 -WLM that the connected selection word line WLm is not chosen as supply 
voltage VCC (3.3V) other than WLm is set as VCC (1/2) (1.65V). Consequently, the ferroelectric 
capacitor Cm of the memory cell which should write in zero data, and N+1 will move to the condition of 
D point by time of day t3 in the hysteresis characteristic shown in drawing 6 , and the writing of zero 

data will bexompleted. - ... .... - v , 4 _,., 

[0045] Next, the selection word line WLm is brought down on a touch-down electrical potential 
difference (0V) at time of day t3. Consequently, ferroelectric capacitors Cm and N of the memory cell 
which should write in one data In the hysteresis characteristic shown in drawing 6 . it will move to the 
condition of C point by time of day t4, and the writing of one data will be completed. At time of day t4, it 
is all main bit line MBLN(s) and MBLN+1 to the last. After bringing down to 0V, write-in actuation is 
completed by bringing down the selector-gate line SL and all word line WL1 -WLM(s) on a touch-down 
electrical potential difference (0V). 

[0046] In addition, word line WL1 -WLM of not choosing during a data write-in period and other than 
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WLm is the ferroelectric capacitors Cm and N connected to the selected subbit l.ne although set as 
VCC (1/2) (1.65V) consequently. Cm, and N+1. The DISUTABU electrical potential difference of VCQ 
(1/2) (1 65V) will be impressed to the memory cell of not choosing [ of an except ],;That th.s DISUTABU 
electrical potential difference poses a problem is the case where the above-ment.oned DISUTABU 
electrical potential difference is added in the contents of data currently recorded on the non-choosing 
memory cell, and the direction in which reverse data are written in. „ , x " 

[0047] For example, when one data is recorded on the non-choosing memory cell, as a result of 
impressing a DISUTABU electrical potential difference, in the hysteresis characterist.c shown .n dj^wrng 
6 the polarization condition of a ferroelectric capacitor changes from an A point to AJ point Moreover, 
when zero data is recorded on the non-choosing memory cell, as a result of impressing a DISUTABU 
electrical potential difference, in the hysteresis characteristic of drawing 6 . the polanzat.on condition of 
a ferroelectric capacitor changes from a B point to B1 point,However, data are not reversed and 
DISUTABU to a non-choosing memory cell does not pose a problem, when one data is recorded on the 
non-choosing memory cell unless a polarization condition changes from an A point to A3 point, and 
unless a polarization condition changes from a B point to ,B3 point when zero data .s recorded on the 

non-choosing memory cell. . .' , r 'it ~: 

[0048] Next, in the memory array Fig. of drawing 1 , the 2nd operation gestalt m the.case of performing 
the data writing to a memory cell is explained in order, referring to the timing-chart Fig. of ^^5 , 
and the hysteresis characteristic of drawing 6 . The DISUTABU electrical potential difference (1/2) 
which joins a non-choosing memory cell at the time of data^ writing has an ad ^^ ver * he 1st . 
example of drawing 4 of this 2nd operation ****** in VCC (1.65V) (1/3) to VCC (1.1V), and a m.fgable 

[0049] It is a word line WLm and subbit line SBLN, and SBLN+1 similarly [ i" drawing 5 ]. It chooses and 
they are the ferroelectric capacitors (memory cell) Cm and N. It is one data Cm and N + 1 It is a t.ming 
chart in the case of writing in zero data. The elimination step which writes in zero data (or one data is 
sufficient) to all the memory cells that were connected to the selected word line unlike the case of the 
1 st operation gestalt of drawing 4 in the case of the 2nd operation gestalt of drawing 5 ,A data write in 
approach is constituted by two steps of steps of the write-in step which writes in the above-mentioned 
opposition data after an elimination step to the memory cell in which the above-ment,oned el.m.nation 
data and the data of opposition should be written. 

[0050] In this case, data elimination (writing of zero data) to a memory cell impresses an electrical 
potential difference in the direction in which the subbit line potential chosen from the word line potent.al 
to choose becomes low. and is performed by making polarization of the ferroelectric capacitor carry ^out 
in the above-mentioned impression electric-field direction. Moreover, the writing of. opposition °atajone 
data) to a memory cell impresses an electrical potential difference in the direction in which the subbit 
line potential chosen from the word line potential to choose becomes high, and is performed by making 
polarization of the ferroelectric capacitor carry out in the above-mentioned impression electric-field 

S°Fi'rst. at time of day t1 . all main bit line MBLN(s) and MBLN+1 are set as a touch-down electrical 
potential difference (0V). then the selection word line WLm is set as 5V from 0V. and the word lines 
WLVWLM of all not- choosing* a& supply voltage VCC (3,3V-). other than WLm. are-set as a touch-down- 
electrical potential difference (0V) for the selector-gate line SL. Consequently, the ferroelectric 
capacitors Cm and N of all the memory cells that stand in a row in the selection word line WLm, Cm and 
N+1 In the hysteresis characteristic shown in drawing 6 , it will move to. the condition of D po.nt by time 
of day t2, and elimination (writing of zero data) will be completed. 

[0052] Next, the selector-gate line SL and the selection word line WLm are brought down on a touch- 
down electrical potential difference (0V) at time of day t2: Then, memory cells Cm and N which should 
write in opposition data (one data) Connected main bit line MBLN to supply voltage VCC (3.3V) the 
memory cell Cm good with elimination data (zero data), and N+1 it connected - main - bit l.ne 



MBLN+1 (1/3) is set as VCC (1.1V). Next, at time of day t3. the selection word line WLm is set as 5V 
and the word lines WL1-WLM (2/3) of all not choosing it as a touch-down electrical potential difference 
(OV) other than WLm are set as VCC (2.2V) for the selector-gate line SL. Consequently, ferroelectric 
capacitors Cm and N of the memory cell which should write in opposition data (one data) In the 
hysteresis characteristic shown in drawing 6 , it will move to the condition of D point to C point by time 
of day t4, and the writing of opposition data will be completed. Finally, at time of day t4, after setting all 
main bit line MBLN(s) and MBLN+1 (1/3) as VCC (1.1V), write-in actuation is completed by bringing 
down the selector-gate line SL and all the word lines WL1-WLM on a touch-down electrical potential 
difference (OV). 

[0053] In addition, Cm and N which stand in a row in the selected subbit line although set as the word 
line WL1 of not choosing other than WLm - WLM (2/3) VCC (2.2V), during the write-in period of 
opposition data consequently, Cm, and N+1 The DISUTABU electrical potential difference of VCC (1.1V) 
will be impressed to the non-choosing memory cell (1/3) of an except. That this DISUTABU electrical 
potential difference poses a problem is the case where the above-mentioned DISUTABU electrical 
potential difference is added in the contents of data currently recorded on the non-choosing memory 
cell, and the direction in which reverse data are written in. 

[0054] For example, when one data is recorded on the non-choosing memory cell, as a result of 
impressing a DISUTABU electrical potential difference, in the hysteresis characteristic shown in drawing 
6 , the polarization condition of a ferroelectric capacitor changes from an A point to A2 point. Moreover, 
when zero data is recorded on the non-choosing memory cell, as a result of impressing a DISUTABU 
electrical potential difference, in the hysteresis characteristic shown in drawing 6 , the polarization 
condition of a ferroelectric capacitor changes from a B point to B-2 point However, in the case of the 
2nd operation gestalt of drawing 5 , as compared with the case of the 1st operation gestalt of drawing 4 
the hysteresis characteristic of drawing 6 shows that DISUTABU to a non-choosing memory cell is 
sharply mitigable. Therefore, when one data is recorded on the non-choosing memory cell, and zero data 
is recorded on the non-choosing memory cell from the A point to A3 point, a polarization condition 
changes from a B point to B3 point, and data cannot be reversed. 

[0055] In addition, although package data writing is performed to the memory cell with which the case of 
the 1st operation gestalt of drawing 4 and the case of the 2nd operation gestalt of drawing 5 are 
connected in one word line to choose, data writing may be performed in order for every word line by 
making into a unit all the word lines that intersect the subbit line chosen by the selector-gate line in the 
unit of data writing. For example, what is, necessary is just to carry out data writing to WL1, WL2, — - 
WLM and sequence in the case of the 1st operation gestalt of drawing 4 , and the 2nd operation gestalt 
of drawing 5 , using word lines WL1-WLM as one unit for data writing. Such data writing of a block unit 
enables it to restrict the count of DISUTABU which a non-choosing memory cell receives at the time of 
data writing to the maximum (M-1) time, and it is suitable from a viewpoint of DISUTABU prevention. 
[0056] Then, the 1st example in the case of reading the data to a memory cell in the memory array Fig 
of drawing 1 is explained in order, referring to the timing-chart Fig. of drawing 7 . and the hysterics 
RISHISU property of drawing 9 . 

[0057] The timing-chart Fig. of drawing 7 is a word line WLm and subbit line SBLN. and SBLN+1. It 
chooses and- they are. the ferroelectric capacitors (memory cell) Cm and-N, One data currently recorded 
and Cm. and N+1 Zero data currently recorded is read and they are after that, and Cm and N. One data 
and Cm. and N+1 It is a timing chart in the case of performing the re-writing of zero data. In this case, 
read-out of data to a memory cell judges data by connecting with the subbit line which chooses the. 
main bit line, changing the word line electrical potential difference to choose, changing the polarization 
condition of a ferroelectric capacitor, and detecting change of the main bit line potential according to 
change of the polarization condition of the ferroelectric capacitor concerned. Moreover, the re-writing of 
data to a memory cell is the same as that of the case in the 1st operation gestalt of the data write-in 
approach of drawing 4 . 
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[0058] First, it is main bit line MBLN and MBLN+1 by time of day t2 by starting supply voltage VCC 
(3 3V) and column selection-signal phiC for precharge signal phiPC to 5V at time of day t1. It 
precharges on the precharge electrical potential difference VPC (0V), and is main bit line MBLN and 
MBLN+1. The node VN of each sense amplifier, and V N+1 It connects. 

[0059] To a degree At time of day t2, precharge signal phiPC is brought down to 0V, and it is main bit 
line MBLN and MBLN+1, After carrying out floating, it is the selector-gate line SL to 0V to 5V The 
read-out memory cells Cm and N, Cm, and N+1 The connected selection word line WLm is started from 
0V to supply voltage VCC (3.3V). Consequently, the ferroelectric capacitors Cm and N of all the memory 
cells that stand in a row in the selection word line WLm, Cm, and N+1 It changes to the polarization 
condition that zero data was written in. 

[0060] For this reason, memory cells Cm and N on which one data was recorded A polarization cond.t.on 

is reversed, and potential change **[ of main bit line MBLN ] V (+) is large, and is expressed with a 

degree type (1) Moreover, Cm of the memory cell by which 0 data logging was carried out and N+1 A 

polarization condition does not change but it is main bit line MBLNs+1. Potential change **V (-) is small 

and is expressed with a degree type (2). 

**V (+) =VCC- [C (+VKM-1) -C(-)+C(+)+CBL}] 

— (1) 

**V (-) =VCC- [C (-)/{M-C(-)+CBL}] — (2) 

In addition, in (1) type and (2) types, C (+) is capacity in case the polarization condition of a memory cell 
is reversed, C (-) is capacity in case the polarization condition of a memory cell is not reversed, and 
CBL is bit line capacity. Moreover, M is a word line number which stands in a row in a subbit line, and 
carries out to eight in this case, and supply voltage VCC is set to 3.3V. In the case of a general memory 
cell, it is C(+) **. Since it is 500fF. C(-) **100fF, and CBL**1000fF extent, **V (+) and **V (-) are 
following extent from (1) type and (2) types. 

**V(+) =0 75 V**V(~) =0.18V[0061] The above thing can be illustrated and explained also in the 
hysteresis characteristic of drawing 9 . the ferroelectric capacitor Cm of a memory cell with which one 
data was recorded and N+1 it is — a case — an A point — it moves to the condition of E points from a 
condition, and is reversed in the polarization condition of zero data. [ that is, ] And Cm and N which are 
connected to subbit line SBLN The non-choosing memory cells C1 and N of an except - CM, and N 
Although it moves to the condition of G points from the condition of an A point when it is the memory 
cell on which one data was recorded, and it moves to the condition of I points from, the condition of a B 
point when it is the memory cell on which zero data was recorded, the condition of a basis is held as .t 
is 

[0062] the ferroelectric capacitor Cm of a memory cell with which zero data was recorded and N+1 it is 
— a case — a B point — although it moves to the condition of F points from a condition, the 
polarization condition of zero data does not change. [ moreover, ] and — secondary — Cm connected 
to bit line SBLN+1, and N+1 The non-choosing memory cell C1 of an except, N+1 - CM, and N+1 
Although it moves to the condition of H points from the condition of an A point when it is the memory 
cell on which one data was recorded, and it moves to the condition of J point from the condition of a B 
point when it is the memory cell on which zero data was recorded, the data condition of a basis is held 
as it is. In- addition, in the hysteresis characteristic shown in drawing-9-, the . straight-xline.inclinationof 
alternate long and short dash line A-E expresses the capacity C (-) in case the polarization condition 
mentioned above is reversed, and the straight-line inclination of alternate long and short dash line B-F 
expresses the capacity C (-) in case the polarization condition mentioned above is not reversed. 
[0063] Next at time of day t3, the sense amplifier SAN connected to each main bit line and SAN+1 are 
activated by bringing down the selector-gate line SL next, bringing down the selection word line WLm to 
0V and starting sense enable signal phiSE to supply voltage VCC (3.3V) at time of day t4. Consequently, 
a sense amplifier SAN senses the potential difference of the potential change **V (+) and the (node 
potential VN) of main bit line MBLN, and the comparison potential VRN which were mentioned above, 



- 11 



and sense amplifier SAN+1 senses the potential difference of potential change **[ of main bit line 
MBLNs+1 ] V (-), (node potential VN+1), and comparison potential VRN+1. 

[0064] the variation of the main bit line potential expected in each comparison potential VRN and all of 
VRN+1 here, **V(+) =0.75V, and **V(-) =0.1 8V — it is about set as about mean value VRN- 
VRN+1=0.46V Consequently, in a sense amplifier SAN, they are the read-out memory cells Cm and N. 
One data currently recorded by time of day t5 A sense latch is carried out and the potential of main bit 
line MBLN is set as supply voltage VCC (3.3V). To sense amplifier SAN+1 The read-out memory cell Cm 
and N+1 The sense latch of the zero data currently recorded is carried out, and the potential of main bit 
line MBLNs+1 is set as a touch-down electrical potential difference (0V). 

[0065] Now, it is the read-out memory cells Cm and N from time of day t5. Cm, and N+1. The receiving 
re-writing of data requires. 

[0066] First, it is the selector-gate line SL to 0V to 5V at time of day t5 Memory cells Cm and N, Cm, 
and N+1 The word lines WL1-WLM (1/2) of all not choosing it as supply voltage VCC (3.3V) other than 
WLm are set as VCC (1 .65V) for the connected selection word line WLm. Consequently, the ferroelectric 
capacitor Cm of the memory cell which should write in zero data, and N+1 will move to the condition of 
D point by time of day t6 in the hysteresis characteristic of drawing 9 . and the re-writing of zero data 
will be completed. 

[0067] Next, at time of day t6, the selection word line WLm is brought down on a touch-down electrical 
potential difference (0V). Consequently, ferroelectric capacitors Cm and N of the memory cell which 
should write in one data In the hysteresis characteristic shown in drawing 9 , it will move to the 
condition of C point by time of day t7, and the re-writing of one data will be completed. After separating 
main bit line MBLN and MBLN+1 from the node VN of each sense amplifier, and VN+1 by bringing down 
column selection-signal phiC to 0V at time of day t7 finally, all main bit line MBLN(s) and MBLN+1 are 
precharged on the precharge electrical potential difference VPC (0V) by starting precharge signal phiPC 
to supply voltage VCC (3.3V). Then, write-in actuation is completed by bringing down the selector^gate 
line SL and all the word lines WL1-WLM to touch-down supply voltage (0V). 

[0068] In addition, Cm and N which stand in a row in the selected subbit line although set as the word 
line WL1 of not choosing other than WLm - WLM (1/2) VCC (1.65V), during a data re-write-in period 
consequently. Cm, and N+1 The DISUTABU electrical potential difference of VCC (1.65V) will be 
impressed to the non-choosing memory cell (1/2) of an except. This is the same as that of the case of 
the 1st operation gestalt of the data writing explained by drawing 4 . 

[0069] Next, in the, memory array. Fig, of drawing 1 . the 2nd operation gestalt in the case of reading the 
data to a memory cell is explained in order, referring to the timing-chart Fig. of drawing 8 , and the 
hysteresis characteristic of drawing 9 . The DISUTABU electrical potential difference (1/2) which joins a 
non-choosing memory cell at the time of data writing has an advantage over the 1st operation gestalt of 
drawing 7 of this 2nd operation gestalt in a point mitigable from VCC (1.65V) (1/3) to VCC (1.1V). 
[0070] They are memory cells Cm and N similarly [ in drawing 8 / of drawing 7 ]. One data currently 
recorded and Cm. and N+1 Zero data currently recorded is read and they are after that, and Cm and N. 
One data and Cm, and N+1 It is a timing chart in the case of performing the re-writing of zero data. In 
this case, read-out of data to a memory cell is the same as that of the case in the 1st operation ****** 
of the data-read-out approach of. drawing 7 . Moreover, the re-writing-of-datato a memory, cell is the 
same as that of the case in the 2nd operation gestalt of the data write-in approach of drawing 5 . 
[0071] First, by starting supply voltage VCC (3.3V) and the column selection signal phi for precharge 
signal phiPC to 5V, by time of day t2, main bit line MBLN and MBLN+1 are precharged on the precharge 
electrical potential difference VPC (0V), and main bit line MBLN and MBLN+1 will be connected to the 
node VN of each sense amplifier, and VN+1 at time of day t1. 

[0072] Next, after bringing down precharge signal phiPC to 0V and making main bit line MBLN and 
MBLN+1 into floating at time of day t2, the selector-gate line SL is read to 5V from 0V, and it is 
memory cells Cm and N, Cm, and N+1. The connected selection word line WLm is started from 0V to 
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supply voltage VCC (3.3V). Consequently, the ferroelectric capacitors Cm and N of all the memory cells 
that stand in a row in the selection word line WLm, Cm, and N+1 It changes to the polarization condition 
that zero data was written in. 

[0073] For this reason, memory cells Cm and N on which one data was recorded A polanzation condrt.on 
is reversed and **V(+) =0.75V are expected that potential change **[ of main bit line MBLN ] V (+) was 
large and the 1st operation gestalt of drawing 7 explained, the memory cell Cm by which 0 data logging 
was carried out and N+1 a polarization condition — not reversed — main — potential change **[ of bit 
line MBLN+1 ] V (-) is small, and as the operation gestalt explained by the 1st of drawing 7 , **V(-) 
=0.1 8V are expected. [ moreover, ] 

[0074] Also in the hysteresis characteristic shown in drawing 9 , it is the same as that of the case of 
the 1 st operation gestalt of drawing 7 that it can illustrate and explain of the above thing. 
[0075] Next, at time of day t3, the sense amplifier SAN connected to each main bit line and SAN+1 are 
activated by bringing down the selector-gate line SL next, bringing down the selector-gate line WLm to 
0V and starting sense enable signal phiSE to supply voltage VCC (3.3V) at time of day t4. Consequently, 
by time of day t5, the sense latch of the one data is carried out to a sense amplifier SAN, and the 
potential of main bit line MBLN will be set as supply voltage VCC (3.3V). Moreover, the sense latch of 
the zero data is carried out sense amplifier SAN+1, and the potential of main bit line MBLNs+1 is set as 
a touch-down electrical potential difference (0V). 

[0076] Now. it is the read-out memory cells Cm and N from time of day t5, Cm, and N+1. The receiving 
re-writing of data requires. 

[0077] First, after separating main bit line MBLN and MBLN+1 from the node VN of each sense ampl.fier, 
and VN+1 by bringing down column selection-signal phiC to 0V at time of day t5, all main bit line 
MBLN(s) and MBLN+1 are precharged on the precharge electrical potential difference VP C (0V) by 
starting precharge signal phiPC to supply voltage VCC (3.3V), Then, the selection word line WLm is set 
as 5V from 0V, and the word lines WL1-WLM of all not choosing it as supply voltage VCC (3.3V) other 
than WLm are set as a touch-down electrical potential difference (0V) for the selector-gate line SL. 
Consequently, the ferroelectric capacitors Cm and N of all the memory cells that stand in a row in the 
selection word line WLm, Cm. and N+1 In the hysteresis characteristic of drawing 9 , it will move to the 
condition of D point by time of day t6, and elimination (writing of zero data) will be completed. 
[0078] Next, the selector-gate line SL and the selection word line WLm are brought down on a touch 
down electrical potential difference (0V) at time of day t6. Next, a low side is switched [ the power 
source of a sense amplifier system ] for a high side to VCC (1.1V) from a touch+down electrical, 
potential difference (0V) (1/3) with supply voltage VCC (3.3V). next, column selection-signal phiC — 5V 
_ rising _ again _ the potential of main bit line MBLN — a sense amplifier SAN — supply voltage 
VCC (3 3V) — main — the potential of bit line MBLN+1 is set as VCC (1.1V) by sense amplifier SAN+1 
(1/3). Next, at time of day t7. the selection word line WLm is set as 5V. and the word lines WL1 -WLM 
(2/3) of all not choosing it as a touch-down electrical potential difference (0V) other than WLm are set 
as VCC (2.2V) for the selector-gate line SL. 

[0079] Consequently, memory cells Cm and N which should write in opposition data (one data) In the 
hysteresis characteristic of drawing 9 . it moves to the condition of D point to C point till time of day t8. 

and, the re-writing of opposition, data is -completed. After-separating main. bit line MBLN-and-MBLN+1 - - 

from the node VN of each sense amplifier, and VN+1 by bringing down column selection-signal phiC to 
0V at time of day t8 finally, all main bit line MBLN(s) and MBLN+1 are precharged on the precharge 
electrical potential difference VPC (1/3) (VCC (1.1V)) by starting precharge signal phiPC to supply 
voltage VCC (3.3V). Then, re-write-in actuation is completed by bringing down the selector-gate line SL 
and all WORD selections WL1-WLM on a touch-down electrical potential difference (0V). 
[0080] In addition. Cm and N which stand in a row in the selected subbit line although set as the word 
line WL1 of not choosing other than WLm - WLM (2/3) VCC (2.2V). during the re-write-in period of 
opposition data consequently, Cm, and N+1 The DISUTABU electrical potential difference of VCC (1.1V) 
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will be impressed to the non-choosing memory cell (1/3) of an except. This is the same as that of the 
2nd operation gestalt of the data writing explained by drawing 5 , and DISUTABU to a non-choosing 
memory cell can be sharply mitigated as compared with the example of data read-out of the 1 st 
operation gestalt of drawing 7 . 

[0081] Moreover, although read-out and the re-writing of data are performed to the package to the 
memory cell with which the case of the 1st operation gestalt of drawing 7 and the case of the 2nd 
operation gestalt of drawing 8 are connected in one word line to choose Read-out and the re-writing of 
data may be performed in order for every word line by making into a unit all the word lines that intersect 
the subbit line chosen by the selector-gate line in the unit of read-out of data and re-writing. For 
example, what is necessary is just to carry out read-out and the re-writing of data to WL1, WL2, — , 
WLM, and sequence in the case of the 1st operation gestalt of drawing 7 . and the 2nd operation gestalt 
of drawing 8 , using word lines WL1-WLM as one unit for read-out and the re-writing of data. Such 
read-out and re-writing of the data of a block unit enable it to restrict the count of DISUTABU which a 
non-choosing memory cell receives at the time of data re-writing to the maximum (M-1) time, and it is 
suitable from a viewpoint of DISUTABU prevention. 

[0082] Drawing 10 is drawing showing the example of a sense amplifier SAN and the concrete circuit 
diagram of SAN+1 in the memory array Fig. of drawing 1 . 

[0083] In the sense amplifier of drawing 10 , the inverter circuit of the complementation constituted by 
the p channel MOS (calling it PMOS hereafter and being) transistor TP 1, the n channel MOS (calling it 
NMOS hereafter and being) transistor TN1 and the PMOS transistor TP 2, and the NMOS transistor 
TN2 constitutes a latch circuit. Moreover, this latch circuit amplifies and latches the potential difference 
between nodes with nodes N1 and N2 by activating the PMOS transistor TP 3 and the NMOS transistor 
TN3 in response to sense enable signal phiSE. 

[0084] It becomes possible by corresponding for every main bit line and having a latching sense amplifier 
as shown in drawing 10 R> 0 to read to the sense amplifier concerned and to latch data or write-in data. 
Consequently, as the example of drawing 4 R> 4, drawing 5 , drawing 7 , and drawing 8 showed, the 
writing or read-out, and the re-writing of data corresponding to a memory cell can carry out to all 
memory cell packages that stand in a row in the word line to choose. 

[0085] Next, the example of a process flow for manufacturing the ferroelectric storage of this invention 
is explained. 

[0086] Drawing 11 (a) - drawing 1 1 (e) are drawings having shown the process flow until it reaches the 
device structure section Fig. of drawing 3 . . 

[0087] First, it is the same as that of the usual CMOS process until it forms the source / drain n+ 
diffusion layer field 4 by the ion implantation, after forming the LOCOS component isolation region 2 and 
gate oxide 3 in silicon substrate top 1 and forming polish recon or the polycide gate electrode 5 in it, as 
shown in drawing 1 1 (a). 

[0088] next, it is shown in drawing 1 1 (b) — as — a layer [ 1st ] platinum layer — for example, the 
method of a spatter etc. — about -200nm — forming — further — ferroelectric thin films (for example, 
PbZrTi03, BiSr2 Ta 209, etc.) — the method of a spatter etc. - about 200nm is formed. Next, etching 
processing of an above-mentioned layer [ 1st ] platinum layer and the strong dielectric thin object is 
carried -out by the- RIE method etc. at coincidence,. and the ferroelectric -capacitor lower electrode 6 and 
the ferroelectric capacitor insulator layer 7 are formed. 

[0089] next, it is shown in drawing 1 1 (c) — as — a layer [ 2nd ] platinum layer — for example, a 
spatter etc. - about 200nm is formed, after that, by the RIE method etc., etching processing is carried 
out and the ferroelectric capacitor up electrode 8 is formed. 

[0090] Next, contact holes 10a, 10b. 10c, and 10d are formed, as shown in drawing 1 1 (d), after forming 
an interlayer insulation film (Si02 film) 9 with a CVD method, after that, a layer [1st] aluminum layer is 
formed in a spatter, etching processing is carried out further and bridge wiring 11a of a subbit line, word 
line 11b, and pad aluminum layer 11c are formed. 
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[0091] Finally, as shown in drawing (a), aftar forming an intarlayer insulation «m <Si02 film) 9 with a 
CVD meLd a oontaot hole 13 is formed, a layar [ 2nd ] aluminum layer ,s formed ,n a spatter after 

111 prooeX is carried out further, and the main bit line 14 is formed. The 
section Fig. of drawing 3 is reached as a result of the aboye process flow. 

[Efflct of the Invention] As explained above, according to the ferroelectric store of this invention, each 
m"n bit ne wired by seriate is connected to two or more subbit lines through a connectmg means, and 
*TmemZ cel. which changes from one ferroelectric capacitor to the grid locafon where the above- 
lloned subbit line and two or more word lines wired by behavior cross, respect.valy ,s arranged 
clnlouantlv to the memory call which consists of one ferroelectric capactor fundamentally, the 
wZg Z ^a an"ut become possible, and the ferroelectric storage in which high accumulate 
and large-capacity-izing are possible can be offered. 



[Translation done.] 



* NOTICES * 

JPO and NCIPI are not responsible for any 
Hflinfl«TP«5 raused bv the use of this translation. 

: document has been translated by computer. So the translation may not reflect the ongma, 

precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 




DESCRIPTION OF DRAWINGS 



TBrief Description of the Drawings] 

rnrawina fl It is drawing showing the memory array of the ferroelectric storage concernmg th,s 

rDra'wing 21 It is drawing showing the pattern layout in the memory array Fig of drawingj. . ' _ 

It sets to the pattern layout Fig. of drawing , and is A-*. It is drawmg showmg the dev,ca 
structure section at which it looked from the direction. •' 
rawing] in the memory array Fig of drawin g 1 . it is drawing showing the timmg chart ,n the case of 
the 1st operation gestalt which writes in data. 

Z£?g\ In the memory array Fig. of drawing 1 . it is drawing showing the t,m,ng chart ,n the case of 
the 2nd operation gestalt which writes in data. 

r^aSlt is drawing showing the hysteresis characteristic of the ferroelectru: capaator or 
explaining th e 1 st data write-in implementation gestalt of drawing . and the 2nd data wr,te-,n 

of total . it is drawing showing the timing chart in the case of 
.it is drawing showing the *ming chart in the case of 

the 2nd operation gestalt which reads data. 

Drawing 91 It is drawing showing the hysteresis characteristic of the ferrode ctnc capa ^or for 
explaining th e 1st data read-out implemented gestalt of d^win^ . and the read-out ,mplementat,on 
gestalt of the 2nd data of drawing 8 . 

■ Drawing 10] It is drawing showing the concrete circuit of a sense amphfier. , 

[pawing 11] It is drawing showing the process flow of the ferroe.ectnc storage concern.ng th.s 
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.invention. •' 

[Drawing 121 It is drawing showing the hysteresis characteristic and the capacitor condition that the 1st 
data of opposition and the 2nd data of each other were written in of a ferroelectric capacitor 
[Drawing 131 It is drawing showing the memory array of ferroelectric storage which has a 1TFMCAP 
mold cel. 

[Description of Notations] 
WLt-WLM — Word line 
§L — Selector-gate line 
phiC — Column selection signal 
phiPC — Precharge signal 
phiSE — Sense enable signal 

C1, N-CM, N and C1, N+1 - CM, and N+1 — Memory cell (ferroelectric capacitor) 

STN, STN+1 — Selection transistor 

CTN, CTN+1 — Precharge selection transistor 

PCTN, PCTN+1 — Column selection transistor 

SAN, SAN+1 — Sense amplifier 

MBLN, MBLN+1 — Main bit line 

SBLN, SBLN+1 — Subbit line 

VPC — Precharge electrical potential difference 

VRN, VRN+1 — Comparison potential 

VN, VN+1 — Node potential 

1 — Silicon Substrate 

2 — LOCOS Isolation 

3 — Gate Oxide 

4 — Source / Drain N+ Diffusion Layer Field 

5 — Polish Recon or Polycide Gate Electrode 

6 — Ferroelectric Capacitor Lower Electrode 

7 — Ferroelectric Capacitor Insulator Layer 

8 — Ferroelectric Capacitor Up Electrode 

9 Interlayer Insulation Film under 1st Layer Aluminum Wiring 

10a, 10b, 10c, 10d— Contact hole under the 1st layer aluminum wiring 
11a, 11b, 11c— The 1st layer aluminum wiring. 

12 Interlayer Insulation Film under 2nd Layer Aluminum Wiring 

13 Contact Hole under 2nd Layer Aluminum Wiring 

14 — 2nd Layer Aluminum Wiring 

[Translation done.] 
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<o tt z> * y •* ^amm £ 

ZtiZixOfemmfc*'?^* co-#e75S»±fBgiJ t' 
t$<F>% 1 (Df—fH fcli^ 2 <D"f—$ <D fib h fiWf— 

[it 2] .. ±.%z&m^m*<. mo si«^fr*^t? 

a*tt. !7 - HlHWtJ:- 9 fcSiRTS H t* y h 

Sr±IBHUn***l6lfc»***« r t X 9 ft 

5 17- KIMStfc J: "9 fcatR-t-SM t* -y hmm(SLifii&< 4 
*nm#*(6i^^«l$*5 r t (c j: 9 ft 5 if #Jg i IB«© 
[if#Jg4] 

JWbKiS cfcx try h»«fc©*ffc*tft*n-t--5 - 1 
9 T—f'Omfe&ft 5 if *JS 1 SEi&©3£Si«#SEl6£ 

Bo 

[if*«5] • jiB^y-*)^^*^— *©tt*m 

ir^T^Sr^U ^ * y 1r/M£*M-3x— * ©## 
1 !2ft©3£ftm#iE«gEfio 

[it mtm 7 ] aiR^n*:?- KiRmsstt^ixfc-t-^r 
2 ©t*-* «r.»#aA/«a» 

tlx-* ©S# i&^fcfr 5 if 1 IBttcD&miMBtt 
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lif#«8] ±fEx-*©«#&3Mi v Wi^- Ml 

[ff#Jg9] ±!Ex-*©K^mb:fccfctmS£&^ 
5 i-^T © 17 - h'B & mSL t bT , # 7 — KafetclWS 

\zft 5 if i isttoammftiBitStii. 
[if*«i o] mm^Wk&titthiztioy-s.*? y v 

■t-5&^fild*ive*t 1 (Oj|gl»*t^ J: 9 

tti^SSK $tt5 J; plc±|B!7— KISS: 5 x@ t , 
SBroSa^*&o 

fe S v^t±*-6-««J: J: 9 JF0^ $ Jx; ■• 
±IEX ifj'f-ilil2lll07;v$ = '7A*fc (i^rw-a- 
^4)5</>l±^[-&JK^«t9^$ix5if*«l 0IB«cD3S 

[ISM©l¥iHB«MftPJ] 
[o o o l J 

Wi- 1 fitD^Sim^^^^v'^ i 91»^-T5 r i \~ X 9 
[0 0 0 2] 

mm (W*-ttP bZrTi0 3 §) , ^fcttB i 
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fiB i S r 2 Ta 2 Og *f) S\ $r-¥'V>*i&fe&J8l£ L 

[0 0 0 3] £TF> 3Sfim^ :J r^^v'^Wt^7 i y >^ 
I^T, (a) ist^yy V^W4» (b) *SJ:W (c) 

[0 004] gumttettttiEfi. ®i2 (.a ) fr^-r 

;MH!lomjEE£fWto (0<PC) LT + QrOSMl#. 

^■*-*tt©WE«:Sttn (H«PD) LX-Qrcoae^ 
®ll^ 5 aofc^fi8 (0«pB) *7*—*0 (I2f- 

[0 0 0 5] ±&Lfc&SI®*Mr^/-*S'* 

UT, .1 (BOIR h 5 Vi?^^ 1 1 IBoiSIS**^^ 
v'^^f) 1 ^ * y t/v*Mt5*ft. (£tT 1 TR-1 
CAPlt/V) ^^Pbtl-TV^c 

[0006] 131 3tt, lTR-lCAPSt;Hrtt 

[0 0 0 7] H.l'3©^*JJ.T Wtt, t>fc>^>55tt))g 
Lf-y Mlflia*JfcL-C*»9., Hf. MA> MA' fit* 
*y-fe/K MRA, MR A' ttJttSHr/K WLA, WL 
A' tt!7-K$L BLA, BLA' tttf y bB. PLA 
, .ttT'V— bm&l&. RWLA, RWLAV.ttJttSEir/VSr 
■HB>i-3fc«>©!7 — Kgfc, R P LAttJfc&irA'SrffilH" 
5 fc.ftCOT'l'— hS®&,-CL t*&\?y h»BLA, B 
LA* ©A^SSr^tl/^H^UTV^o ^^-y-fe/WM 
Att»& b 7 y-^^ T A*5 -J:i«SR«#:*-r c 
AfciJ: ^y-fc/uMA* fiSiR h 9 

^TA' tSi^iift^t^^fCA' &J:0*ljA3 
Jfctfcir/VMRA. MRA' fi, ^ -^y -fe/VMA, 
MA' <Oy :r -^Sri:b^^-mL-i-5>fcfe^S , lt5jn, it 

RA' ©jfr&fcttlR h7^^TRA' *5j;tf3&fi 

[0008] IH13CD1TR-1 CAPMir/VSr^-rS 

V)?— ^tt^aUtt^WE^Ubtrj/ hilSB LACD#t t)3g • 
L*l«flfc»«UfcJt(Rtry HiBLA' 
igtfr/WMRA' t©itKl-«t 9tT^n, ^^-y-lr/WM' 
A' Of-^fettiLli, MlfyMBLA' co» 
»r0SUfrfitel**Lfcitifcfc'i7 h^BLA^^$tu. 
fcJtU-t^M R At CD JfcgNcfc 9^*3^2.. *7tifc$SMr 
/VMRA.; MRA' tC*3V^Tf±, -t^V^IH 1 2 (a). 
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CD t7f!) v-*#t4K*3^T\,+Q r 4fcfi-Q r CO^ 
«$HB«W#tt*ffl$;h,5»^©«frafc*tefc5 «fc 5 

UT, flKlt-'S^S. .UdSoT, 1TR-1CAP 

IftfcJfcttlr/i'fc.fcSJfcttfc's' H6©M©*(fcS6;6^ -fc^ 
*T>'?'SAK:.fc0K:i«S3*vt\ x-^<D¥iJ^s^$ 

[000 9] 

TR-1 CAPffi-feA'&* s 1-S»R*frEfgSe11fc*S^ 
Ttt, ^yir/vtfSl^coiiiRl^^v^^i: HH<o3fi 

^yy ^aAtU , EPROM^tlt|55-t-5i, ^ * 

. y ■teA'Asaa*** < 4 <o , fc^ t ^ 5 pas 

&SfS#iEtg:ig« SrJltt-r 5 r. i fc fc 5 . 
[0011] 

*V:£*ncD£ tr y. hftltf LT^^cwiiJ tf y . h . 

cd KUiassES-rsft^iHw-tivptt 1 <eco^sim 
flfe©-*cotgffi*?±iE!7- ±esimflE 

^-■r^V^co^*-|nltcJ;oT> awcigtacofl 1 co-x 

- ^ 4 fim 2 co-x- ^ cd if *> *>cox - * fcEtti- 
5. 

[0012] £fc ±lB»fl«flEia«8fll»!:*sv^-c, ± 

# -kfS^fc's/ hi^i-> fficD-^^ifESJt'y HSC, y 

- hffiS^aW^- hlliCttR^^ 

[ o o i 3 ] . sfc, ±G3AfittfMetts&a(^ ^ * y * 
t let t)ir.v\. * y-fe^sM-s 
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t5i t\Z£ 9t79o 

[0 0 14] Jiffi3SSISfrfElSI£B»±, 
^StSCf-^Ol^fflLli^ it's/ h^iliR-t" 

[0 0 15] ±iE^ft«#iE«to*> ±12^* 

y -fe/Kc^-rs^-^w^ai u&k. si** * y -t/v 

[0 0 16] ±IE3$giS#IE1S£!Bfis ^n^at 

cost's/ vmznmxsX? ?'?-m<D±>'7.Ti'7*m 

y-'£7 y ^*'"t~5 ^. i J; 9\ ^ * y •fe/Wc^i-Sy' 

[0017] s*t v -hfa&3tm#iat§;3£g};:*5^-c, ± 

CD ^ y ir /vi->(t UT— mzfg l ©-r — ^ fo 5. l M± 

[0 0 1 8] ±ia»««fl£E«Se«fcd3U^-C, -h 

[0 0 19] *7V"±ffi3fttt«fl«1t8«fcl3V*-C» -t 

[0 0 2 0] *5IBJW!tfimft:iE«^«cD$Sljt*- 
jfefi, & ^ y -fe /KOTS * * £ ±IEI'i tf y 

*'<*>y"lfelW*S:JBj*1-SXS£, #^*y*A4*o± 
gi^-^^^^fttiSr^-f SXSi:," ±IE!7- Kl»##' 

[002l] ife, ±ISMit*i*i-*5V^T, -klETJl*- 
(±iSIiJfy Ml) ttJSlJiB<07 p 9*-7- 
* tt»fc*j3R-fe 7 5 y y x&n\z <fc 9 $ iris _hC 
MMMMfr '"'V* »«Rtt'< p 7** * W MfB&Srfc-f- 
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[0 0 2 3] $^1:, t'y>« (i^fi 
5. 

[0 0 2 4] Sfc, itait's' h^tlijt's/ hMt<Dg 
KUi S'i t y hM. t Srf^BWfcSBKS-tfS r if «t 9 pI 

mxhZo 
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"So- 
lo 0 2 6] ^tc,,.^ * V:±MZ.jttrZ7:—? (Dm^tii . 

[002 7] ^Tt. ±%Z**l)±Mctt-fZ>y £ -?<D%i 
^•Sr : fT5c:i:^J; 9v 7-^ roiS^tt} LBflc^ •=& y -fe/v 

40 [0 0 2 8 ] -tir-Pn©*!? y hj&Mc*fJ&LT7 

[0 0 2 9] ^fc, ±fE^-i?©Sirii^tt, m&L&ti 
tcV— K^J-iS^Sl-^TcO^^-y-fe/HCStLT— gtc 
^ 1 ©f~? 5 V 2 cof- ^ Srff# iitf *T 
so s/7*2: x ±iatg*^xy7*<0#{J:, iffi^x-^ iiS 
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*B©7*-*as»#i&**i/5'* s £ * * y -tr/Wctt lt±IE 
[0 0 3 0] ifax-^wst&^te, iHR^- 

[0 0 3 1 ] ±|B7*-^(DSS*.mL*SJ:T^ffS# 
&*-f4, »W^-h*fcJ:D»lR*lxfcBl.ify bi»i:£ 

[0 0 3 2] -Sfc, '*|&n<77ttVlttf|cettSS<OlK3&& 

[0033] xv&temat, itkz.t£. ±.f&rm*v 

/<is'fiWm (-hlEg'Jt';/ MS) ttJgiJB-B©^^"*-* 
ttlMI:*** 4 t) J^JEtK $ *u, ±|B» 

,fl:*aftB*f*=H-»*7U±B.i JRWtt^P.^A-f Hflii-. 

■Y^^^mUfi^ 2® g <D^7^*fcf*^t:^-fe7 
5 y ***ffsHc Z.<0M)££ti. ±E17- K»lif US 
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L, I^h7^^STN, STN + 1 {4, 
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xo [0 0 3 7] Sfc> K7^^.PCTN, PCTN + 

1 (4, •7l)7-\-i?m^4> PCtiO, ify hiMB 
LN, MBLN + 1 Sr^y ^-V — ^SEVPCfc^y?- 

TN, CTN + 1 (4, ^7^m^m^<S>CiZX'0 , £tf 
■7 hiMB LN, MBLN + 1 fc^H^ixcEHr >-^T V 

SAN, SAN + 1 (4, -tn-Pn^lfy biMBLN, 
MBLN + 1 KS^nfc-feV^TV^-efci?, -fe^ 
^— ?VWi-S§- <f S E T'gttjt; $ Hir V.* T ^ SAN 
zo ft, /- K®ttVN*SiU { JtlSm{4VR.NM©m'Ci:il& 
iri<;*L, ty^7y7" SAN + l (4, ;-KltiVN 
+ 1 *5itfJt»lttVRN+l P B 1©«fe^Sr-feV^-T 

[0 0 3 8] 1212(4, El 1 ©^^ey TU-TI2|{C*5{75^ 

-VW7!7Mam»t, A-A' .*-|Sil*>6>|l6«)fc-7* 

[003 9] [S] 2 <7>^^^ — V L~f T h EI, *5«tt/EI3 
x^5<i'^«jtWfaDEl^*iV\-c,..i.f4vy fl.vr*K» 214. 

30 locosi^ 314^- bmtm. 4\±m&.h? 

y^STN, STN + 1 ©y-VKNVn+S 

. . *°y vy 3>-fc5VM4#y -y-w Ky- 6 

f4IiJtr S ' hitlS.B LN, SBLN + 1 T-*> •? , 

m^^-Y^^^Tasm^T-bfct), A*wiw»4^isg 

«B|-C*-5 > A^W(wf4 1 y V^W4Sr 
HW^-feittfPbZrTiOs , B i S r2 Ta 

2 o 9 4*fcJ:t>«?j*$ix5 c Q\±&%m-m<fc*^;<>/* 

40 Cl,N,Cm,N , CM, N , Cl.N+l , Cm,N+l , CM.N+l 
«±aJtt@T'fct), A#:^(Cf4B2Sg©7*7^+e-C- 

»j« £*v3o 9 »4^ 1 € g t/v 5 = >> Jxtmrom 

[0 0 4 0] 10 a, 10 b, 1.0 c, . 10.dlJ#ll, 

-5r*n, = ^ b /V 1 0: a *3 41^ 1 0 d f4|? 1 JI g^ 
7A-5 = 7AB»iN+8iUM(«i&, ai/^^bTfv 
-/V 1 0 b.(4SI ll@7* $ = <7 ASEiSli: I:ll@07 
7 £ £, => ^ b iSs-tV 1 -0^ c (4J?jl € g T/V' 

so ^ ^ $ t m 2 s.g ■© 7*7 ^+ji i-' sr^i- s fc 
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<Db<DX~hZ><, 11a; lib, 1 1 cttf lg@7;V 

ttgij t' s/ h jgi©:/ V v V&m*. IlII7/V5 = !>A 
» mmi 1 btt!7-Ki®WLl , WLm.-WLMSr, 1 1 

-So 1 3fim2jf gT/v^^ABaj^TO^ 

$ = **^fc3r'8MSH-5. 1 4 ttJS 2 S g = -7 
AE^T'feD , ±t*y r-iSlMB LN ? ' MB LN + l£#l 

[0 04 1] 0l©;><^ey TwfEHcfcv^-t, ^ 
y -fe/uta-f ^-^•fravsrfT 5 1 ©ji 

J£Mfi£\ 04®^^ ^v^ft-HS, *5i:TJ<II]6© 

[0 04 2] 04©*^ $ MUtt, 17- Ki» 

WLmfci't/iiJt's' Hi^SBLN, SBLN + 1 SrS#l 
Ltv ^Sl®** (^^-y-fe^V) Cm,N fc^l 20 

©7="-* («Tlf-^) Cm, N+l l^2©f-^ 

(ETFO^-*) £#£&&»£•© .5 V^ElTfc 

5>c ioahfr, ^^y-t/ncstf-si a* 

fc, ^^ey-fe>'V^*fi-?,0 7 f -^<D#^a^li, atR-f 
517- MftWfcJ: 9 fc51JR-f SS'JK's' h««tt*s«< * 
: 5*l*It«ESrWJP UX, msm#**/*itj Sr Jissm . 

[0043] £1\ l$it-l'^ y*y-fe/WCm,N 
m$fttz£t*<y MfcMBLNSr«WmEEVCC (3. 3 
V) y^e-y-fe/l'Cm.N+l h^M 
B L N + l £^ifi®JI (0 V) fcR}&*-3 8 • 

[0044] . B*£J t 2 -C, iliR^- «SL?r0 

V*»&5Vfc, ^^!)t;VCm,N\ Cm,N+l #g$c£;h, 
fcjS*R7-Ki^WLmSrmai«JEVCC (3. 3 V) 
\Z y WLmJ^©#^©I7— Ki|§WLl 

(1/2) VCC (1. 6 5 V) ra£t5„ ^"©^*, 0 
"r— *&##32 ! ir^#;*^yir^©3£^®&^-f /^v-* *o 
Cm, N+l ^, i6t^ft7f!J ^^tttCfcVT. D 

[0 0 4 5] B$£ijt 3-e, KSWLm* 

^ifeSEE (0 V) fcSVFffS. *©*£*, lf-^5: 
##oitf-<# ^ * y ^^©^mft^r-^v-;? Cm, N 
j&S, -I2l6^-f t^xy v-^#t4lC+o'^TC,^©ttffi^ 

mmt 4*-cm»»u if-^©f#iiw^Tt 

MB L N + l SrOVfcS'&Trffcftfc:, Hfts so 



L, "T^T©? — Ki»WLl ~WLM$rStfft«flE (0 
V) K&hTlfZZkKXyJwZ&Z-mft&l&T-t 

[0046] f-^tSii^fflWf, WLmfiWI- 

©#5ItR©!7 — KHiWLl ~WLMIi (1/2) VCC 
(1. 6 5 V) -?:©*£*, jgJRSixfc 

m,N+l ^<D^m^<D^=e]}-tMZ\-i., (1/2) VCC 
(1. 6 5 V) <D J r*{Xj>—7mi£&fQM£ilZ>Z h\z 

[0 0 4 7] ifc'fc*.tf % ^^^^y-tr/Kci^-^^ 
[0 0 4 8] mKO^^rDT^m^iS^^X. * 

Hi 2 <D^jfe^ii«(D N m 4 ©^ i (ommm^n-r 

(1/2) VCC (1. 6 5V) ^b(l/ 
3) VCC (1. IV) 
[0 0 4 9] EI5ro#^'b, 04tl^«l, !7 — KlftW L 
m J: t^SiJ t* MSBLN, SBLN + 1 SrjltR L 
T % MllWflc*^^^^ 0*";'*^) Cm,N idl-r- 

Cm,N+l {-O-^-^Sr^^iitP^-a-O^-Y 5 
BlT-fc^o H5©JR2©*lt»ll80»fi-k:tt, III 4©^ 

^$txfc-T-<T©^^-yir^tc>r+bT0-r-^ (fe•5V^ 
(ilx-^T'tiv^) Sr^iitffBi^^y^i. 

ji^ttS^^ ^ * y -feyH-M LT ifBiiffix-^ ©»# 
^Sr ; fT5»#^^xs'7'©. 2SI^©^xs/7 , tcJ: 

[0 0 5 0] r©J^-&, >*y-fe/Hc*t-f Sf'-^tlS* 

(o-r-*©!^^) i±s Mtsy-Kittei 



»BiT9-1161Q7* 



(if-?) a«i-4!7-Kti«tt. 

[0 0 5 1] 4-f s XPM t 1 T\ i-^TO^lf-y h^M 
BLN, MB LN+ 1 5r«JfimjE (0 V) leggJtU & 
V^T, hi&S L&O V*»f>5 Vfc, iSlRP— K 

iWLm^riaiSJIVCC (3. 3V) ICWLmgAfl-© 

(0 V) fcKJ&t-*. ^©^** KiWLmC 
jl^S-f^TCD^ y i?/V©3£ftS#**>' ,? V? Cm, N 
v Cm,N+l I2I6 1-^1" t^.xy v-^.i|#t4^*3^T 

[0 0 5 2] &tC, H#£U t 2f> 51^^- hilSL, *3 
itfiliRy- K*WLm*rSMfi«JEE (OV) Id&VF 
Ifs «^-C, mm-?-? (If-?) <D#£i2^£fT5 
^#y^ey-fe^Cm,N ©ffiS^$*U;fc±li'5> MMBLN 
SrlilffVCC (3. 3V) id, |B*f— ? (Of- 
9\ C^ST'i^^^-y-ir^Cm.N+1 ■ i ©ssfc£*bfc±ii' 
y hi&MB LN+ 1 &<l/3) VCC (1. IV) \Z.WfZ. 
-fSo MPMt 3-eS^y-hii6SLSr5V{c. il 

&!7— K«|WLmSrgSiffi®E (OV) KWLm^tDl- 
s<X<D#M1R(D7— Ki&WL l~WLM£(2/3) VCC 
,(2, 2V) jCKjrt"*. ^©i^*, igffif-? (If 
-?) SrStjitf^t^-ty-fe/KDgSSIIlflE^f^^V? 
. Cm, N 6 fc^i" t ^ x y #14^*5.1 \T D f> 

a^^T-t-S.'-ftafcNrSi t 4T% i--<-r ©±t'-.y h 

it&MB L N % MBLN+1 5:0/3) VCC (1. IV) 

Lfc*£ id, »SW-.H»sl» -f-<T©y- KJ» 
WL l~WLM^ifi«JEE (OV) fci:*>Ttf 6 C t (C 

[oo53].4is, aw?'— *o»#a.*jdnoi', wl 

mjy.?t-cO^^<0!7— Ki^WL l~WLMf±(2/3) VC 
C (2. 2V).fcKSSix5^ ^©*SSs WRSflfc 
gijf-;/ hilUCii&SCm.N Cm,N+l ^fl-CD^Nl*^ * 
y-tr/W'fi, (1/3) VCC (1. IV) ©f-f^?-y 
•BEtfSttn* ft* -©f ^^?-^mJEd5 

Po^JH 1 1£ 5 © |±» * y -fe/McfES!: $ ftr ^ -5 f 

[0 0 5 4] fcfcjttf* y^/Hdlf-?* 
E*£ftTi^5»§\ f w^?-y«E* s ^P$*u5ife 



a? 

*ir/<'>#o^«ft»*s*fl:-r*. fcfcU Hl5©sg2 
©Ht£7Kfig©S£\ E4©*i©mt»tto*friJt« 

-rst, ^ji^^^.y-fe/wc^i-sx >f^?-yn, * 

♦BJc:^t?# 5 w i: |2|6©t: *f y 'sxft&frtbm 
y-fe/HCOf — ?#lEft£ft-CV-5#6\ B,^f)B3 

[0055] ei 4 ©m i <omm&m<D%&, # * 

1 JWcjfrfcS > ^'y feMC** LT-JSf -*»#i&*«r 

IC J: 9 iiiR $ tufcIU fc* «/ h m h Izm-t 5 t^TO 17— K 

Sr^oTt>J:v\ fctxtf, H 4 ©If? 1 QSSNfflglfk *J 
iO J 0 5O^2ro|li£^©^a-, f-?»#5i^Sr, 
17- KiWL 1 ~WLMSr 1 ^ULt LT, WL1, WL 
20 2, ■••WLMt«M#tcf — ^Stii^^rfTX-WfiV^o w 
(DJ;5*^Dy^^4fe(7>f-?S#ji^tcJ:*), f— ? 

* y *-/ujwirt 5f ^ ^ 
ic<^, ft^cPfi (M-i) igicMK-r^rtdSprffit* 

[0 0 5 6] Jgcl-'T, mi<D, ^!)7H H|}C*3lt 
5, ^^y-fe/HcM-r5f-?©^ttJL5rfi L 5«^-© 
JJE1©3»S0!S\ El7©?-r 5 v</f -r- HH, *JJ:^ 
121 9 <D t * y '>^#tt*r#RB L*^ felWtctft0Ji-2, o 
.[0..0 5. 7] El 7 ©.^.^ YM\t. V — ,VB 

so WLm*5«tU J gilt's' bti&S BLN, SBLN + l^riMid 
.Lr»'MMt«flt*-r^^ (^y-feVW) Cm,N »C|E^ 
^tVTV>Slf— ?, JoiO'Cm.N+l IdlE^^tb-CV'S 
Of-?*rit*taU Cm,N Idlf-r?, 43 J: 

t5Cm,N+l \Z0^—f <DWp£&?t-$:ft lW&<D? J 5 
V^[21T-fcS« r©»^- x ^-ty-fe/HCjiti-S.f — ?© 

{c^-r5f-?©w#t EB4©f-?«#a* 

[00 5 8] 41*> ^FJal t i t\ yy^r-^df *p 
CSrmjSSflSffiVCC (3. 3V) l:, &£xf$7 
{f#0CSr5-VJcS:* J ±(f5ri:icJ;t3, RMI t 2 ST? 
IC, 3Et'y hllMBLN, MBLN + 1 Sr^Uft-^ 
mJEVPC (0V) t/ilft-v'.L, 4fc±E*y Ulr 
MB LN, MB-m + l-^n j t'iV(D±^^T^<DJ 
— KVN, V N+l 
so [0 0 5 9] 2 T\ y y f -V— ^fS-i-* P 
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(8) 
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C£0 V{c£*>TffT±tV hi&MBLN, MBLN + 

OVd>?>5V^ v ^ObL^^ey-fer/VCm.N , Cm,N+l 
tfftR $ tlfciltR. 17 - K*W L m Sr 0 V i» WflMBEE V 
CC (3. •3V)'t4UtfS. *'©I6*, 

v^Cm.N , Cm,N+l tf*, Oy 1 — tlltftlfc* 
AVW =VCC • [CO-) / { 

AV(-) =VCC • CC(-) / {M 
fc*3, (i)'*. (2) sfcfcio^T, C (+) li^^ey 

■fe/KD^«ttt»«sstei-«»^o**-e*>!>» c (-) 

9, CBLHt'-y h^*T-feS, M fit ©J try h 

jjSmffiVCCfit3. 3Vti-2, 0 — ^j&^^ey-t/veo 
C ( + ) ^ 500 f F, C (-)'** 1 0 0 f 



F/CBL^lOOOfFgSt'feiOt, ( 1 ) i£, 
(2) 5tJ:!K AV (+) , AV (-) (4, 

AV (+) = 0. 7 5 V 
AV (-) = 0. 1 8 V 

' [0 0 6 1 1 WiiCDClifii, 09©fc*xy v^^tefc 

®$tuT^fc^^e y J t/\'(D%mnfc* Cm,N+i 

Ol^> Aj£©:Rtta»fcEj6<0#ttfc»»U 0f-^ 
O^itilcKfitS. fLt, i'Jt's/ URS-BLNK 
fflfc£iHX^Z>Cm,ii ^©^SiR^^E-y-fevUCl.N ~ 
CM, N ft, ._l'-5f — * a s ffi&$^Tt vfc* ^ y -ir/VW* 

^^^TVvfc^^ey-tr/KD^-a-, B^O^flg^t, i 
i|fc«fc8«i-<5a^ k£wttfift^ct>££{S^£*v3<, 
[0 0 6 2] *fc, 07 r -^^fEfflk$^TV^c^^y't 

&F 07*—?(D2rmm\iMik 

Lftl\, ^LT, mify H»SBLN+lfcfiH**ixT' 
^5Cn,N+l ^(Dftmft.**}) -fe/VCl.N+l ~CM,N+ 

l ft, l^-^ASiES^T^fc^y-fe^ro^, A 
.^O^fi^ b H^COt^lSf'^*) U 0 »SE«k£;lx 
T^fc^* y t;v©H^, B^©«A»P, J ,^CD^fCl 
MOT'S tf, fctof*— #tt1ft»±-t©**(IM^Six5. 
tits, 09t^ft^f!) V*WS&m*-C, — j^4K*H 
A-E<DE«MS#fii, ±5fiUfc^tt««#sei-5*d- 
©SgftC (-) Sr*b-C*5 9,' — jS*(1*B-F© 

C (-) SrftUT^S. 

[0 0 6 3] $efcB*J8t 3T\ i«^-M»SLt, * 
fcg&!7- K&WLm&O Vfc&VTfif, Bf^J t 4 THr 
V^-T^.— y;Wl-§-« S ESrUsiflEVCC (3. 3 



/4 

[0 0 6 0] ;©/;!!), 1-r — ^^SE&^tbTVfc.^^e 
yir/VCm,N (4, ^gtSS^t, hi^MB L 

NOttttftAV ( + ) #5t (1) 

5o Ot'— *1E&£;h/T^fc;*- : ey-1r/i'©Cm,N+ 

1 ft, £ttRft£ s Kfl?*T« ±e , fMMBLN+ 1 © 
*tfc*fcAV' (-) fit/hi* <, (2) 
(M-l) • C(-) +C (+) +CBL} ] 

... d) 

C(-) +CBL1 ] - (2) 

gt^tt^Ty^SAN^ S'AN+ 1 SrJStefcS 
-£5„ t^7j'7'S ANft, ±i&Lfc±t* 

<y bMMB LN&mtfL&fcAV ( + ) {/— Klt&V 
N) ti:btJm'f5j!:VRNi©m'f4M5r-lr>^ L, ^fc-feV 
;*T>7°S AN + 1 (4, ityHMBLN+lOSt 
^•ffcAV (-) (/-KSttVN+l) iJfcgtfttfcVR 

N+ l <n>W&M3c^s 

[0 0 6 4] ^ft^ftcDifclfcm&VRN, VR 

a, AV ( + ) =0. 7 5V, fciOtAV (-) =0. 
1 8 V<D*5j:^P(gffiVRN~VRN+ 1 =0. 46V 
ffia^KJg-f-So ^Wfe*, -tr^TVT/SANidfii, 
Sc^W 1^ * y t/VCn, N {-iBfi^ftT^fc 1 

B#^J t 5*-Cf£, s/^^ix, ^fcTyhi&M 

BLNO^iftmMflffiVCC (3. 3 V) fd^$ 
ft, ty77V7*SAN+ 1 [Cfit, BE^fflU^* 

y-fe/vCm.N+1 IciEfl^ft-O^cOx— ir^^7 
s/ ^ £ ft, £ f* y h i^M B L N + 1 <DW&\1&$SM&. 
(0V) f^lS'^^ftSo .. 

[0 0 6 5] t 5^feft, MUtUt 

;VCm,N , Cm ( N+l (C>y~rSv :f — ^OS*#iS^f-f4l^^ 
5. 

[0 0 6 6] *T, Bt^lJ t 5 -C\ m$Uf— hm. S L £ 0 
Vd^5VfC, ^^-y-fe^Cm,N , Cm,N+l *SSE)^$tb 
fcaiJRC— Kjj&WLmfcfiSiimflEVCC (3: 3 V) 
fC, WLmjy^1-<D-r^T(D#iltRWI7- Ki^WL 1 ~W 
LM*(l/2) VCC (1. 6 5V) \Z®fe1rZ e 

/^v-^ Cm, N+l*5, El 9 <T> t y v>^.#t4»C*3l/^TD 



[0 0 6 7] ^{-B#^iJ t 6T\ I«y- KiKWLmSr^ 

mmiz (o v) fcsr*>Tff5o lf—t&m 

^i^tf^t > * y ir/l'W3SMfl;ft:^r^''' ? v'^ Cm, N 

*^fc^J t 7T-, *5AaW«**C*0VfcSct)T 
ff^r ±K's/ MSMB LN, MBLN+lSr 

m'hffl-feyxTy/oy-KVN^ VN+it«io 

StLfc^tC, 7*yft-^M«PC^fItEVCC 
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(3. 3V) \ziLh±.\fz>z. fc&J:9. l-^-c<D±f s> 

hi&MBLN, MBLN+l*yyf + -i?«ffVPC 
(0V).t/yft-v>f5 o *<DWi. Wfc#-M*S 

(OV) fcSrVFtfSwi:fc.fc!K »#ii*tbf^*lHT 

[0 0 6 8] ■r-^S»#a*JWW , t , » WLm« 

fl*<Z>#SiR<0!7- KlftWL l~WLMIi(l/2) VCC 

(i. 6 5V) iznmztiztf, -tco*s*» a&sttfc 

gijtr y h^|:I/j§Cin,N . Cm,N+l Mft<D#m#i. * * 
y-fe/WCKt, (1/2) VCC (1. 6 5V) Of 4*5— 

[00 6 9] HI 1 •=& y T l^-f HKCjJVTx * 

mxmm*. H8o#<5^f+-FH» #±1/1219 

Ol2©*Wl© > 0 7©*lO|0(S»tl8fc»-r5flJ 

^^^-^«JE*S, (1/2) VCC (1. 65V) d>£>(l 
/3) VCC (1. 1 V) fc&«-<?#5£fc*>5o 

[0 0 7 0] B8«0»fr*>, B 7 ©tfrfr'i HflL >^-y 
■fe;VCu,N {CfS^$HTV^-5 1-x — *5j;tfCm,N+l 
fclBft*JxTV^0 9*-^Sr«t*ajU tOft, Cm,N 
(d 1 *f—9 s *5«fctfCm,N-t-l »C0t^— #52^ & 

2 (ommwrnK^^m^t id 
[0071] £1\ i#*y t it?. ^y^^-^t#*p 

CSrmaimjEVCC (3. 3V) }c v -fcJ;r;*7ASR 
fB-g-*Sr5 VK&^-htfSCI i:^«t«J, B#£0 t 2*T? . 
K % it^hiMBLN, MBLN+lS:7"!)ft-i> 
mffiVPC (0V) ^7"y tfcilfy 
MBLN, MB LN+ 1 Sr-ttb-^JxWfeX^T >-^<0 / 
-KVN, VN+l^tit5,' 
[0 0 7 2] &.\Z&tM t 2 X\ P C 

£0 VKSc*>.T»fT±tfs' hi&MB LN, MBLN+1 

0 VA>£>5 VlC^^.tbL-^^ey-fe/l'Cm.N , Cm.N+l # 
«ii^telR!7- KfcWLm&O va»fcm««£EVC 
C (3. 3 V) lcSc^.±»f5o 17— K* 

*Cm,N, Cm,N+l 0 *f—9 

[0 0 7 3] Z<Dtt#), l^—f&ftm&KX^^tc** 
y-fe/VCm,N f± % $Mfi)R«jJSRteU if y hiUMB-L, 



/5 

N©ifi»Av (+) m7<Dmi<omm.m 

mxmmVtLi. 5I"AV ( + ) =0. 7 5Vj&sjLi&*;h, 
5. Sfc, 0 7 f -^IS®c$H-CV^c^ : eyir/VCm,N+l 

. ^ajRiB*sR(E*i*, h^MB ln + i 

&mtAV (-) fifc/h$<, H 7 ©JB l TSIttB&MttMft 
KLfc«t5^> AV (-) =0. 18V#lji*ii5 4 
[0 0 7 4] jy.±CDrt(i, I9l^tt^fy^ft 

(ommmm<om^tmmxh^o 
io [0075] .&fc«fjai t 3 x\ asiy— mk s l & 

«WLm&0 VfclSEVFrf, B#£iJ t 4 "C> 
. -feV^-Y^— ^WS-§-0 S ESrfl^UBEVCC (3. 3 

NOH^fim^mflEVCC (3. 3V) fc!Sj£$;h,3. 
t^7>'7 , .SAN+ 1 O'T-^^-feV^. 
±tf-> HIMBLN+ 1 ©«ffitt*ifi«ffi 

20 (0 V) \Z.W£fe£*lZ>o . 

[0 0 7 6] St v «fat5Ht±, ^ttlt/ty-lr 
;VCm,N > Cm.N+l.tCMi-^x-^WWS^iZs^JC^^ 

So 

[0 0 7 7] 4f 4 *Mt5T? 4 *9AWlfi**C8r 

0 VK:£*>Tlf5r fcKJ:t)> ±ty hiMBLN, M 
B LN+ 1 Sr-tH-?it©-fe>'^TV^<0/— KVN> V 
N+l kWVm^tzm^ /yft-^f^PCSri 
jUSIEEVCC (3. 3 V) .Jd&ib-hl-f 51 1" 
^©.its/hiMBLN,. MB LN.+ .11.7.!)f^--. 

so i^tffiVPC (0V) jtZ^Vf-^ — i?-t-z>o Wt^X, m 
F«SLSrO,.Vi!i^ , 5Vt > m^TP— KiWLm 
Srm^flffiVCC (3. 3V) Id, WLmJWfl-CD-f-^T 
cO#jl^(D!7— Ki^WL l~WLM*^±t6fl;BE (OV) 

^<X<D*.*:y ±;\s<D&ffim,W-*c # Cm,® s Cm,N+ 

1 dsmgcDt^xy ! s*&fe\z.&\i^xvM.<nyti&\z.&}m 

t 6S-e»c:^ti)U, (0-r-i7W##^^) *s^T 
1-5. 

[0 0 7 8] Pf*|t6t?Wiy-MlSL, 48 J: 

40 tfig$R!7— Ki^WLmSrSltfi^JE (OV) ldi:*,Tff 

VCC (3. 3V) (Ot.% s n— fflOSr^^JE (OV) 
*>b(l/3) VCC (1. IV) fd§Jt9lfex5 0 ft.\z x * 

7j»m$amr<i>c*5viziLh±.ifx. i^^h 

igiM B L N©^4Sr-fe V^. 7? V7" S A N {CI <fc <0 WMMS. 
VCC (3. 3V) (CI, ik'^hiMBLH+iroSfi 
Sr1rV^.T>'7 P SjAN-+. ItClit) (l/3). : VCC (1. 1 

V) icgSjei75o B#2aK 7-CS^y-MSsLSr 
5VC, lR7-KiWLm«:ft»«E (O'V) (C, W 
so Lm£(^-(Dl-^-CP^ai'il?cO!7— KiWL 1 —WLMSr 
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(2/3) VCC (2. 2V) (diS^-r?) 0 
[0 0 7 9] *©*£*, igfBx-* ( 1 X-^) 

*-y-irA-Cm,N 09©t;*7 i y ->^#tt 

^-^©^♦t^^T-r?). ftfUcB#£y t 8T% 
*7A)l^S^-4,c^OVtc:**,T(f-Sr.i:^<}:f9, X 
tfyhigftMBLN, MBLN+ 1 Sr^rix^W-feV^T 
y^>-KVN« VN + 1 b®<omL-Tz.'&\z^ 
■Y — ^(S-§"« PC£r®$?,1ffiVCC (3. 3 V) 
±ff^>r tlCj:!5 N -r^Tro^tr-y Si^MB LN, MB 
LN+ 1 SrT'JJ — v'HJEVPC ((1/3) VCC 

(i. i v) )' ic^-y ^•y-^-rSo ^©t&, ii^y- 

hiS&SL, i~^<T©17*- KSf?WL 1 ~WLM^rScilfi® 
JE (OV) lc£*>Tlf 5: irfcJ: 9, ftWZ 

[0 0 8 0] fc*J v &m7*-f<Dftm%&&-Mffl*. W 
Lm»^0#M'0!7- Ki^WL 1 ~WLMIi(2/3) V 
CC (2. 2V) \ZW>fe£tl%i)K ^©ife*, SiR£;tx 
fc glj tf y h ^Idjg/i 5 Cm, N , Cm, N+l 'fitfl. ©#SiiR > 
^y-fevWa±, (1/3) VCC (1. IV) Of^^- 

tc^-*mz 2 (Dmmmmtmm-t&'Q , 07 

[0081] 0 7 ©fg 1 ©Hlfe^fffi©:*^, *3<t 

tf0 8 ©|g 2 ©UlSJKffi©*^ 1 1 , WR-*** 17 - K» 

i jg/i 5 ^ y -tr/Kc^r tx— jgtcx— £ ©R^m 

Wi< *Jj:tJ«'H 8©* 2 x-*©K*- 
fflb:fc-£tff¥S#ii3i£!7- KiWL 1 —WLMSr 1 * 
Lt', WL'1,'WL2-, WLMiliStf-^O 

9 , 'f*-^s»#a*i«»fc*aBi>-* y 

<<x#-7®WS:, ft^cPS (M-l) SKifWR-t-SC t 
5. 

[0082] mi on. 0i©.?<^-yTi-"r0i;:*5^ 

t, t^jy^SAN, S AN+ 1 ©JWfcWftlHlKSEI' 

©0*£^1-0T*fc5. 
[0 0 8 3] 12)1 ©©Hr^T^lcjsi^Tfi, p^-V 

PI, nft^MOS («T> NMOSirV^^) h 

NMOS h?>'5?;**TN2fcJ:«J«j££n5*l*f«M' 



(10) 

©7^ 08Sf±, PMOS h5y^TP3, NMO 
Sh7^^TN3^ -ir^^-r^-^Hf-§-((. S E 
fcSttTfSttfc'StuSClifcJ;*), /-KNltN2t 
©/- KMiltt5SSrt|MBU7 
[0 0 8 4] ^MKoi^y «fti:MLt> 01 
otc^-T «fc 5-fIty^7v^tt5 r t \z£ 

io 4, 0 5, 07, 0 8©#lT*:^bfcJ: ^y-trA' 
fc»JS1- 5f-^ ©»# 52-^-* fcf±R*ffl L*5<fc WW 
ilK^i- 3 17 — KH K:** 3 T © > ^ y ir 

[00 8 5] **ra©»R«flcE«|Sfll4:i!i3ti- 

[0086] 011 (a) ~01 1 (e) Ki, 0 3 ©x 
/W^#lat»fffi0tCV>fc5*-e©, ^n^^n — 

Lfc0-e$>£<, 

[00 8 7] *1\ 0 i i ( a ) 5 fc, ->- y a 

20 ys«±ic v locos^m^2 s *5«fctfy- 
MMtJK3Sr^j«U *y v-y =>'^7 v cfiJKy^'i' Ky 

[0 0 8 81 ^^, 011 (b) fc*fJ:5^ 111 
•l©y?^"?-SSr, fciritfirx^y^^tHcr, ~2 0 

onmtiMu $e>tw, §ssim^#a (fct^p 

b Z r T i O3 , B i S r 2- T a 2 O9 S£) Sr, y 
^*^»rx, ~2.0 0.nm«Ufc&jft1:&.-KK:, ±EJB. 
30 ifl07-7ftl; *JJ;t«SR«?l|flESrR I EjSfe^tc 

[0 0 8 9] 01 1 (c) Ic*-J-J:5Ij:, »2Ji 
©y^^SSr, fct^^y^it^Ct, ~2 0 0 
nmlSMl, ^©^, R I Efe^(c:«t Y) , at.y^v 

[0 0 9 01 ^^,011 (d) \Z.tMt& 5IC.. CVD 
j£»d«t«J«raiffeiSklK (S i0 2 JR) 9*»rilLfc«»^ 
40 3y^^F*-/H0'a > 10b, 10c, lOd^r^ 

yy y v^iBiR 11a. 7-HSlIlb, = 
7AIl'lc^t5 5 

[00 9 1] MIC El 1 (e) (OTtipIC, CV 
DffifcJ:0Jl|IM6*ffll (S i 0 2 «) 9fr»j*U*:1l 

©T/W5 = !7i»SS:^^y^feJ-T^U ^ bt-^y 
^•vyjpXUT, ±lfy hitft 1 4Wt5. W±©7° 
so nt?7n-Bg* > 0 3©'T^<-l'^«it»fffi0lCS 
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[0 0 9 21 

±issij t'y hmt nvHzsm zhtcmmo v— ym&& 

[0ffi©flf*&t&0J] 

[02] 0l©>-=ey 7- W0K*5tt3':**— VWT 
[03] 0 2©^^- V WT? l\0fc:*5VVC, A- . 

11214] mi ro^^-i) r wiatcjov^r, f-^©si- 20 
[05] mi ©^*y r w0tc*;<^T, x-*©«£ 
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